Introduction
============

Pulmonary fibrosis is a common occurrence in the final stages of various lung diseases, including acute lung injury, drug reactions, sarcoidosis and autoimmune disease. Due to the lack of timely and effective intervention, the majority of patients who succumb to the disease exhibit respiratory failure 3-5 years following diagnosis ([@b1-ijmm-42-06-3083]). Therefore, identifying appropriate anti-fibrotic therapy is of vital importance ([@b2-ijmm-42-06-3083]-[@b4-ijmm-42-06-3083]).

Although the underlying mechanisms of pulmonary fibrosis are complex, previous studies have demonstrated that lung fibrosis develops from the maladaptive regulation of repair processes following lung injury and inflammation, where various profibrotic factors precipitate the formation of α smooth muscle actin (α-SMA)-expressing myofibroblasts, which in turn synthetize and secrete immoderate extracellular matrix (ECM) components, replacing normal lung tissue and driving lung fibrosis ([@b5-ijmm-42-06-3083]-[@b7-ijmm-42-06-3083]). It has been established that myofibroblasts originate from resident differentiated lung fibroblasts ([@b8-ijmm-42-06-3083]). The most important hallmark of fibroblast activation and differentiation is the expression of α-SMA ([@b9-ijmm-42-06-3083]). Transforming growth factor β1 (TGF-β1), a multifunctional molecule, is considered to be the most potent inducing mediator of fibroblast activation ([@b10-ijmm-42-06-3083]). TGF-β1 promotes fibroblast migration, proliferation and differentiation and promotes the production of ECM ([@b11-ijmm-42-06-3083]). The disruption of TGF-β1 mediated signaling inhibits fibroblast activation, thus preventing or improving pulmonary fibrotic response *in vivo* and *in vitro*([@b12-ijmm-42-06-3083]).

Previous studies have revealed a strong association between inflammation, fibroblast activation and lung fibrosis ([@b5-ijmm-42-06-3083]-[@b7-ijmm-42-06-3083]). Infiltrating inflammatory cells within injured lung tissue release a high number of profibrogenicmediators, which activate fibroblasts and induce lung fibrosis ([@b13-ijmm-42-06-3083]). Anti-inflammatory therapeutics are effective in extenuating pulmonary fibrosis ([@b14-ijmm-42-06-3083]). Lipoxins (LXs) are endogenous eicosanoids, which are generated either via 5- and 15-lipoxygenases, or via 5- and 12-lipoxygenases. They serve as the 'stop signal' for inflammation and exert potent anti-inflammatory and pro-resolution properties ([@b15-ijmm-42-06-3083]). LXA~4~, as a principle LX, has been demonstrated to exert protective effects in various inflammation-associated diseases, including paracetamol-induced acute hepatic liver injury and lipopolysaccharide (LPS)-induced acute lung injury ([@b16-ijmm-42-06-3083],[@b17-ijmm-42-06-3083]). In addition, LXA~4~serves primary roles in the regulation of tissue repair following inflammation, particularly in renal, skin and pulmonary fibrosis ([@b18-ijmm-42-06-3083]-[@b20-ijmm-42-06-3083]). In the dermal fibrosis model, LXA~4~ is important for the inhibition of fibroblast proliferation and activation ([@b19-ijmm-42-06-3083]). LXA~4~ acts through a specific G protein-coupled-receptor termed ALX to exert its multicellular effects. BML-111 is a lipoxinA~4~ receptor (ALX) agonist and exerts its biological activity by binding to ALX ([@b21-ijmm-42-06-3083]). Previous studies have identified two different ALXs (ALX1/FPR-rs1 and ALX2/FPR2) in mice ([@b22-ijmm-42-06-3083]-[@b25-ijmm-42-06-3083]). BML-111 was initially considered to exert inhibitory effects similar to that of LXA~4~ by inhibiting LTB4-induced neutrophil migration ([@b26-ijmm-42-06-3083]). Previous studies have demonstrated that BML-111 exhibits anti-inflammatory and pro-resolving effects in haemorrhagic shock-induced lung injury and ventilator-induced lung injury ([@b27-ijmm-42-06-3083]-[@b29-ijmm-42-06-3083]). Furthermore, a previous study revealed that BML-111 exerts protective effects on carbon tetrachloride (CCl~4~)-induced hepatic fibrosis in rats ([@b30-ijmm-42-06-3083]). However, whether BML-111 affects fibroblast activation and lung fibrosis remains unknown.

In the present study, it was demonstrated that BML-111 reduces the expression of α-SMA, fibronectin and total collagen induced by TGF-β1 in NIH3T3 cells, and that it interferes with TGF-β1 associated signaling pathways. The results of the current study indicated that BML-111 inhibits the activation of fibroblasts and exerts direct anti-fibrotic affects. In addition, BML-111 treatment markedly improved murine survival rates in the BLM intratracheal mouse model, while BOC-2 (N-tertbutyloxy-carbonyl-phenyalanine-le-ucyl- phenyalanine-leucyl-phenyalanine) partially weakened the effects of BML-111. Furthermore, it was concluded that BML-111 alleviates BLM-induced pulmonary fibrosis by binding to ALX, and that these mechanisms may be involved in the anti-inflammatory response and in the inhibition of fibroblast activation.

Materials and methods
=====================

Cell culture
------------

NIH3T3 cells were obtained from China Center for Type Culture Collection (Wuhan, China) and were cultured in Dulbecco's Modified Eagle's medium (DMEM; HyClone; GE Healthcare Life Sciences, Logan, UT, USA) to 75% confluence. The cells were then serum-starved for 12 h prior to each experiment. To select an optimal concentration of BML-111 (Cayman Chemical, Ann Arbor, MI, USA), cells were treated with varying concentrations (1, 10, 100, 200 and 500 nM) of BML-111 or vehicle (0.035% methanol) for 30 min at 37°C prior to the addition of 5 ng/ml TGF-β1 (PeproTech Inc., Rocky Hill, NJ, USA) for 24 h at 37°C. Although BML-111 at concentrations of 1 and 10 nM did not appear to affect a-SMA protein levels, the other concentrations of BML-111 substantially suppressed TGF-β1-induced a-SMA expression, with 200 and 500 nM concentrations producing the most notable effects. Notably, there was no substantial difference between these two concentrations. Therefore 200 nM BML-111 was selected for subsequent experiments. To assess whether the action of BML-111 is associated with ALX, 10 *µ*M BOC-2 (Phoenix Pharmaceuticals, Inc., Burlingame, CA, USA) was supplemented to cells prior to BML-111 treatment for 30 min.

RNA isolation and reverse-transcriptase (RT) polymerase chain reaction (PCR)
----------------------------------------------------------------------------

Total RNA was isolated from cultured cells using the TRIzol reagent (Invitrogen; Thermo Fisher Scientific Inc., Waltham, MA, USA). RNA reverse transcription was performed using an ReverTra Ace kit (Toyobo Life Science, Osaka, Japan). Briefly, the reaction was incubated in steps of 65°C for 5 min, 37°C for 15 min, 95°C for 5 min and held at −20°C. The amplified products of PCR were resolved using 2% agarose gel electrophoresis. The primers utilized were as follows: 5′-GGC AAC TCT GTT GAG GAA AG-3′ and 5′-GGCTCTCGGTAGACGAGA-3′ for ALX homeobox 1 (ALX1)/formyl peptide receptor related sequence 1 (FPR-rs1); and 5′-GTC AA-G ATC AAC AGA AGA AAC C-3′ and 5′-GGG CTC TCT CAA GAC TAT AAG G-3′ for ALX homeobox 2 (ALX2)/formyl peptide receptor 2 (FP-R2); and 5′-CTG AGA GGG AAA TCG TGC GT-3′ and 5′-CCA CAG GAT TCC ATA CCC AAG A-3′ for actin ([@b25-ijmm-42-06-3083]).

Immunofluorescence
------------------

For the detection of the expression of FPR2, NIH3T3 cells were cultured in DMEM at 37°C for 24 h on sterile glass cover slips in 6-well plates and treated as aforementioned. Cells were then fixed with 4% paraformaldehyde. Following permeabilization, washing and blocking, the cells were incubated with rabbit anti-FPR2 anti-bodies (1:100; cat. no. AFR-002; Alomone Labs, Jerusalem, Israel) at 4°C overnight and then washed and incubated with a fluorescent-labeled secondary antibody (fluorescein isothiocyanate-labelled goat anti-rabbit immunoglobulin G; 1:50; cat. no. AS1110; Aspen Biological, Wuhan, China) for 45 min at 37°C. After washing again, over slips were mounted with anti-fade mounting medium (Beyotime Institute of Biotechnology, Haimen, China) on slides, and observed using a confocal microscope (Olympus FluoviewFV500).

Western blotting
----------------

Total protein was extracted using a Total Protein Extraction kit (Nanjing KeyGen Biotech Co., Ltd., Nanjing, China). The protein concentration was determined using a BCA Protein Assay kit (cat. no. KGP902; KeyGen Biotech Co., Ltd). A total of 30 *µ*g protein from lung tissue or cells were separated on 8 or 10% SDS-PAGE, respectively and transferred onto a polyvinylidene difluoride membrane (Merck KGaA, Darmstadt, Germany). Membranes were blocked using 5% skimmed milk for 1 h at 4°C. After incubating with primary antibodies overnight at 4°C, the membrane was incubated with secondary antibodies \[horseradish peroxidase (HRP) conjugated-Goat anti-Rabbit immunoglobulin G (IgG); 1:5,000; cat. no. ANT020 or HRP conjugated-Goat anti-Mouse IgG; 1:5,000; cat. no. ANT019\] at room temperature for 1 h. Immunoreactive bands were detected using the Supersignal West Pico chemiluminescent substrate system (Pierce; Thermo Fisher Scientific Inc.) and analyzed using Quantity One Version 4.6.3 Image software (Bio-Rad Laboratories Inc., Hercules, CA, USA). The primary antibodies used were as follows: anti-fibronectin (1:1,000; cat. no. 1574-1), anti-α-SMA (1:1,000; cat. no. 1184-1), anti-pAkt (1:500; cat. no. 3188-1), anti-Akt (1:1,000; cat. no. 1085-1; each Epitomics; Abcam, Cambridge, UK); anti-mothers against decapentaplegic homolog (Smad)2/3 (1:500; cat. no. 5678), anti-phosphorylated (p) Smad2 (1:500; cat. no. 3108), anti-pSmad3 (1:500; cat. no. 9520), anti-p extracellular signal-regulated kinase (ERK; 1:500; cat. no. 4370), anti-ERK (1:1,000; cat. no. 4695; each Cell Signaling Technology Inc., Danvers, MA, USA) and anti-GAPDH (1:4,000; cat. no. LF-MA20175; Young In Frontier Co., Ltd., Seoul, Korea).

Collagen content determination
------------------------------

A total of 100 *µ*l lung homogenates were extracted using 0.5 M acetic acid containing 0.6% pepsin and 200 *µ*l NIH3T3 culture medium were mixed with 1 ml of Sircol dye reagent for 30 min at room temperature. Total collagen content was determined using the Sircol collagen assay kit (Biocolor Ltd., County Antrim, UK) according to manufacturer's protocol.

Cell viability assay
--------------------

A total of 100 *µ*l cells were seeded in 96-well plates (104 cells/ml), following serum starvation for 12 h. Cells were then pre-treated with or without BML-111 and BOC-2 for 30 min at 37°C and cultured with or without TGF-β1 (5 ng/ml) for 24 h at 37°C. Subsequently, MTT was added to the culture medium and cells were incubated for a further 4 h at 37°C. The medium was then removed and 100 *µ*l of dimethyl sulfoxide was added to each well and mixed for a further 10 min. The absorbance at 570 nm was determined using Sunrise™ (Tecan, Groedig, Austria).

Mice and grouping
-----------------

C57BL/6 male mice (age, 6-8 weeks; weight, 20-25 g; n=76) were purchased from Beijing HFK Bioscience Co., Ltd. (Beijing, China) and housed in a specific pathogen-free animal facility. The mice were maintained under pathogen-free conditions, constant temperature, 22±2°C; humidity, 40-50%; 12 h light/dark cycle and were given food and water *ad libitum*. The BLM-induced pulmonary fibrosis mouse model was established and validated according to a previously described method ([@b31-ijmm-42-06-3083]). Mice were randomly divided into 4 groups: A saline-injected group (sham group; n=10), a BLM-injected group treated with saline (untreated group; n=22), a BLM intratracheal injection group treated with BML-111 (BML-111 group; n=22), and a BOC-2 group (n=22). BOC-2 (Phoenix Pharmaceuticals, Inc., Burlingame, CA, USA) was injected to the BLM-injected mice treated with BML-111 before giving BML-111 30 min. Mortality was assessed daily until day 21 following BLM instillation. All surviving mice were then euthanized on the 21st day using an intraperitoneal injection of 200 mg/kg ketamine with 10 mg/kg xyalzine, followed by a thoracotomy ([@b32-ijmm-42-06-3083]-[@b34-ijmm-42-06-3083]). Lungs were removed during this procedure and at −80°C for further analysis. Mice were sacrificed if the following humane endpoints were observed within the 21-day period: Body weight loss of \>20%, impaired mobility, inability to retrieve food or water, labored breathing (increased respiratory rate and effort) and no response to external stimuli.

The use of mice within the present study was reviewed and approved by the Institutional Animal Care and Use Committee of Tongji Medical College, Huazhong University of Science and Technology (Huazhong, China). All animal studies (including the mice euthanasia procedure) were completed in compliance with the regulations and guidelines of Huazhong University institutional animal care and conducted according to the AAALAC and the IACUC guidelines.

Histological analysis
---------------------

Lung samples were fixed in 10% formalin for 24 h at room temperature, embedded in paraffin and sectioned onto slides at a thickness of 4-5 *µ*m. Sections were stained with Masson's trichrome for detection of collagen deposition. For Masson's trichrome staining, tissue sections were stained with Weigert's hematoxylin stain for 10 min at room temperature and rinsed in lukewarm water for 5 min, immersed in acid ponceau/solferino for 15 min at room temperature, phosphomolybdic acid for 10 min at room temperature, and finally incubated with 2% aniline blue for 15 min at room temperature. The samples were also stained with hematoxylin and eosin (H&E) for 7 min and 15 sec respectively, at room temperature, for lung injury evaluation. Fibrosis scoring was evaluated according to Masson's trichrome and calculated as previously described by Ashcroft *et al*([@b35-ijmm-42-06-3083]). The grade of lung fibrosis was scored as follows: 0, no pulmonary fibrosis; 1, mild pulmonary fibrosis, the affected area was \<20%; 2, moderately pulmonary fibrosis, involvement of area of 20-50%; 3, severe pulmonary fibrosis, the affected area was \>50%.

Hydroxyproline assay
--------------------

Lung tissues were minced and hydrolyzed in 0.5 ml of 6 mol/l HCl for 6 h at 100°C. After adjusting the pH to 6.0-6.8, activated carbon was added to hydrolyzation products (25 mg activated carbon with 4 ml diluted hydrolysate) diluted with distilled water. Samples were centrifuged at 1,445.5 × g for 10 min at room temperature and the supernatant was used to measure the hydroxyproline content with a Hydroxyproline assay kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China; cat. no. A030-3) according to the manufacturer's protocol.

ELISA for TGF-β1, IL-1β and TNF-α in bronchoalveolar lavage fluid (BALF)
------------------------------------------------------------------------

BALF was acquired according to a previously described method ([@b36-ijmm-42-06-3083]) and measured using ELISA kits (Wuhan Boster Biological Technology., Ltd., Wuhan, China) according the manufacturer's protocol.

Statistical analysis
--------------------

Survival rates were evaluated using the log-rank (Mantel-Cox) test. Results were expressed as mean ± standard deviation and analyzed using one-way analysis of variance analysis followed by a Bonferoni post hoc test. Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA) was used to perform statistical analysis. P\<0.05 was considered to indicate a statistically significant result.

Results
=======

BML-111 inhibits TGF-β1 induced NIH3T3 cell activation in vitro
---------------------------------------------------------------

BML-111 functions by binding to its corresponding receptor. As detected by PCR, NIH3T3 cells expressed rs1 and FPR2 ([Fig. 1A and B](#f1-ijmm-42-06-3083){ref-type="fig"}). Activated lung fibroblasts, which express α-SMA and synthetize elevated ECM, serves a primary role in fibrogenesis. To determine whether BML-111 inhibits fibro-blast activation, the effect of BML-111 on TGF-β1-induced NIH3T3 viability, α-SMA expression and the expression of various ECM components including the total collagen protein and fibronectin, was assessed. The results demonstrated that the stimulation of NIH3T3 cells with TGF-β1 significantly increases cell viability and the production of α-SMA, total collagen protein and fibronectin. NIH3T3 cell pretreatment with BML-111 markedly inhibits TGF-β1-induced NIH3T3 proliferation and the expression of α-SMA, total collagen protein and fibronectin. To further assess the role of the ALX in BML-111 activity, BOC-2 was added to the cells prior to treatment with BML-111. The results indicated that BOC-2 pretreatment inhibits the effect of BML-111 ([Fig. 2](#f2-ijmm-42-06-3083){ref-type="fig"}).

BML-111 suppresses Smad-dependent and Smad-independent signaling pathways in TGF-β1-induced NIH3T3 cells
--------------------------------------------------------------------------------------------------------

Smad-dependent and -independent signaling pathways mediate the pro-fibrotic effects of TGF-β1. To assess whether BML-111 mediated fibrosis is regulated by these pathways, the effect of BML-111 on TGF-β1-induced Smad2, Smad3, ERK and Akt phosphorylation in NIH3T3 cells were analyzed using western blotting. The results demonstrated that BML-111 significantly reduces pSmad2, pSmad3, pERK and pAkt levels in cells stimulated by TGF-β1 ([Fig. 3](#f3-ijmm-42-06-3083){ref-type="fig"}).

BML-111 improves mice survival rate following BLM instillation
--------------------------------------------------------------

The survival rate of mice was monitored for 21 days following BLM injection. As presented in [Fig. 4](#f4-ijmm-42-06-3083){ref-type="fig"}, no mice succumbed in the Sham group. BLM instillation without treatment led to a greater increased murine survival rate than the sham group, which primarily occurred between days 7 and 14. However, the majority of mice in the BML-111 group succumbed between day 11 and 18, pretreatment with BML-111 delayed and decreased mortality in mice with pulmonary fibrosis, and BOC-2 counteracted this effect of BML-111.

BML-111 decreases BLM-induced pulmonary fibrosis
------------------------------------------------

BML-111 demonstrated a high efficiency in protecting lungs from fibrosis. As observed on H&E and Massion-stained slides ([Fig. 5A-C](#f5-ijmm-42-06-3083){ref-type="fig"}), no pathological changes were observed in the lung tissue of the Sham group. Untreated, BOC-2 and BML-111 groups exhibited inflammatory cell infiltration, alveolar space collapse, alveolar wall thickening and extracellular collagen deposition. However the observed changes were less severe in the BML-111 group. The lung tissues of BLM-treated mice exhibited significantly upregulated levels of ECM and α-SMA, which is typical of fibrosis. However, these levels were significantly suppressed following BML-111 treatment ([Fig. 6](#f6-ijmm-42-06-3083){ref-type="fig"}). In addition, the BLM injection administered to the untreated group significantly upregulated the production of TGF-β1, TNF-α and IL-1β in BALF compared with the Sham group. The BML-111 group exhibited a reduction in these cytokines compared with the BLM and BOC-2 group, and BOC-2 counteracted the effect of BML-111 ([Fig. 5D-F](#f5-ijmm-42-06-3083){ref-type="fig"}).

Discussion
==========

Lung fibrosis can be divided into two stages: The inflammatory and fibrotic stage. During the inflammatory stage, inflammatory cells infiltrate into the area of injury, attempt to clear tissue debris, and replace damaged cells ([@b7-ijmm-42-06-3083]). In the fibrotic phase, activated cytokines, including TGF-β1, induce the formation of myofibroblasts, which synthesize excessive ECM components and thus precipitate tissue remodeling ([@b11-ijmm-42-06-3083]). Previously, it has been demonstrated that BML-111 effectively mitigates the inflammatory response following lung injury ([@b21-ijmm-42-06-3083]). However, studies have assessed its direct anti-fibrotic actions. The present study demonstrated that BML-111 treatment inhibited TGF-β1 mediated NIH3T3 proliferation and activation as well as the synthesis and expression of ECM components. Furthermore, it was also revealed that BML-111 attenuated fibrotic changes following BLM instillation in mice and that thisprotective effect was partially counteracted following BOC-2 pretreatment.

BML-111 is a commercially stable ALX agonist, which possesses excellent anti-inflammatory and pro-resolving action, similar to that of LXA~4~. BML-111 suppresses pulmonary inflammatory reactions in ventilator/hemorrhagic shock/LPS-induced lung injury ([@b27-ijmm-42-06-3083],[@b29-ijmm-42-06-3083],[@b37-ijmm-42-06-3083]). Previously, it has been demonstrated that human lung fibroblasts in fibrotic lung tissue express ALX and that LXA~4~decreases TGF-β1 and connective tissue growth factor dependent profibrotic activity in human lung myofibroblasts ([@b38-ijmm-42-06-3083],[@b39-ijmm-42-06-3083]). Although it has been revealed that BML-111 inhibitsCCl~4~-induced hepatic fibrosis *in vivo*, no assessment has been made on its effect on fibro-blast activation *in vitro*([@b30-ijmm-42-06-3083]). The present study detected the expression of ALX in NIH3T3 cells and demonstrated that BML-111 treatment inhibited TGF-β1 triggered increases of α-SMA in a dose-dependent manner, with a maximum effect at 200 nM. Furthermore, 200 nM BML-111 treatment mitigated TGF-β1-induced cell proliferation and the production of ECM, including total collagen and fibronectin. This indicated that BML-111 treatment inhibits fibroblast activation and exerts a direct anti-fibrosis effect *in vitro*. However, the activity of BML-111 is abrogated by BOC-2, which indicates that this effect is receptor dependent.

TGF-β1 mediated fibroblast activation occurs primarily via Smad-dependent and independent pathways. To further investigate the mechanisms by which BML-111 inhibits TGF-β1-mediated NIH3T3 cell activation, the downstream components of TGF-β1 signaling were determined. The results indicated that BML-111 inhibits TGF-β1-induced phosphorylation of Smad2 and Smad3. Previous studies have also demonstrated that phosphorylated Smad2 and Smad3 integrate with Smad4 and translocate into the nucleus from the cytoplasm, where they ultimately activate the transcription of pro-fibrotic genes, including collagen I, fibronectin and α-SMA through reaction cascades ([@b40-ijmm-42-06-3083],[@b41-ijmm-42-06-3083]). The current study demonstrated that BML-111 treatment inhibits the phosphorylation of non-Smad-dependent pathways including ERK and Akt. Previous studies have revealed that phosphorylated ERK and Akt are involved in TGF-β1 induced ECM increase, while ERK is involved in fibroblast proliferation ([@b42-ijmm-42-06-3083]-[@b44-ijmm-42-06-3083]). Thus, these results indicate that BML-111 acts as an anti-fibrotic agent by inhibiting the TGF-β1 associated signaling pathway.

BLM is widely used to induce pulmonary fibrosis in mice. Following BLM instillation, mice are infected with acute alveolitis within 2-3 days, where upon profibrosis media is released, initiating ECM synthesis and the progression to fibrosis ([@b45-ijmm-42-06-3083]). The anti-fibrotic effects of BML-111 were examined using this model in the current study ([@b45-ijmm-42-06-3083]). The results indicated that BML-111 treatment markedly reduced the destruction of lung tissue and structure. In addition, BML-111 inhibited BLM-induced expression of α-SMA and ECM accumulation. These results were consistent with *in vitro*results. Furthermore, it was revealed that IL-1β, TNF-α and TGF-β1 in BALF was also decreased following BML-111 administration. IL-1β and TNF-α are vital pro-inflammatory cytokines that cause the further release of fibrosis media and perpetuate the fibrotic cascade ([@b13-ijmm-42-06-3083]). Additionally, TGF-β1 also counteracts fibroblast apoptosis and attenuates ECM degradation ([@b46-ijmm-42-06-3083]-[@b48-ijmm-42-06-3083]). The results of the present study also demonstrated that BML-111 administration delayed and decreased the mortality of mice. This confirmed that BML-111 exerts a protective effect on lung fibrosis, which may be attributed to anti-inflammatory action, the downregulation of TGF-β1 expression and the inhibition of fibroblasts activation. Similarly, this effect is receptor dependent.

To conclude, the present study demonstrated that BML-111 treatment suppresses TGF-β1-induced fibroblast α-SMA protein synthesis and total collagen and fibronectin expression, by suppressing Smad-dependent and Smad-independent signaling pathways. Furthermore, BML-111 inhibited TGF-β1 levels and the synthesis of inflammatory mediators in BLM-induced pulmonary fibrosis. These results indicate that BML-111 may be used as a potential agent for the treatment of pulmonary fibrosis.
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![BML-111 decreased TGF-β1-induced NIH3T3 cell α-SMA expression in a dose-dependent manner. (A) NIH3T3 cells express rs1 and (B) FPR2. Cells were pretreated with a vehicle (0.035% ethanol) or BML-111 (1, 10, 100, 200 and 500 nM) for 30 min and then treated with TGF-β1 (5 ng/ml) for 24 h. (C) The expression of α-SMA was assessed using western blotting and (D) quantified. Similar results were obtained from at least 3 sections. Data are expressed as the mean ± standard deviation. ^\#^P\<0.05 and ^\#\#^P\<0.01 vs. the vehicle group. ^\*^P\<0.05 and ^\*\*^P\<0.01 vs. the TGF-β1 group in the absence of BML-111. Magnification, ×200. TGF-β1, Transforming growth factor-β1; α-SMA, smooth muscle α actin; rs1, related sequence 1; FPR2, formyl peptide receptor; marker 1, Trans DNA ladder (Tiangen Biotech, Co., Ltd., Beijing, China).](IJMM-42-06-3083-g00){#f1-ijmm-42-06-3083}

![BML-111 suppressed TGF-β1-induced NIH3T3 cell activation. Cells were pretreated with a vehicle (0.035% ethanol) or BML-111 (200 nM) for 30 min in the absence or presence of BOC-2 (10 *µ*M; administered 30 min prior to BML-111 treatment) and then stimulated with TGF-β1 (5 ng/ml) for 24 h. (A) The protein expression of α-SMA and fibronectin and the results of the western blot analysis quantified for (B) α-SMA and (C) fibronectin; and (D) total collagen concentration and (E) cell viability were assessed. Data are presented as the mean ± standard deviation for three independent experiments. ^\#^P\<0.05 and ^\#\#^P\<0.01 vs. the vehicle group. ^\*^P\<0.05 and ^\*\*^P\<0.01 vs. the TGF-β1 group in the absence of BML-111. TGF-β1, Transforming growth factor-β1; BOC-2, N-tert-butyloxy-carbonyl-phenyalanine-le-ucyl-phenyalanine-leucyl-phenyalanine; α-SMA, smooth muscle α actin.](IJMM-42-06-3083-g01){#f2-ijmm-42-06-3083}

![BML-111 inhibited TGF-β1-induced NIH3T3 cell Smad-dependent and Smad-independent signaling. NIH3T3 cells were stimulated using 5 ng/ml TGF-β1 in the absence or presence of 200 nM BML-111 (added 30 min prior to experimentation). Levels of (A) Smad2/3 and phosphorylated (B) Smad2/(C) Smad3 were assessed. (D) ERK and (E) phosphorylated ERK, (F) Aktand (G) phosphorylated Aktwere also analyzed using western blotting, 24 h following cell stimulation. The figures are representative results of three independent experiments. Data are expressed as mean ± standard deviation. ^\#\#^P\<0.01 vs. the vehicle group. ^\*\*^P\<0.01 vs. the TGF-β1 group in the absence of BML-111. TGF-β1, Transforming growth factor-β1; Smad2/3, mothers against decapentaplegic homolog 2/3; ERK, extracellular signal-regulated kinase.](IJMM-42-06-3083-g02){#f3-ijmm-42-06-3083}

![BML-111 treatment improved mortality after BLM instillation. Mice received intratracheal injection of 50 *µ*l of saline (Sham group) or BLM 2 mg/kg (for untreated group, BML-111 group and BOC-2 group). Mice were treated intraperitoneally with the saline (for Sham group and untreated group) 1 ml or BML-111 (for BML-111 group and BOC-2 group) 1 mg/kg every other day from days 0 to 21, and BOC-2 group were given 50 *µ*g/kg BOC-2 30 min before the addition of BML-111, and monitored daily for survival. Data are analyzed by Kaplan-Meier method (n=10 for the Sham group and n=22 for the others). ^\*^P\<0.05 compared to the untreated group. BOC-2, N-tert- butyloxy-carbonyl-phenyalanine-le-ucyl-phenyalanine-leucyl-phenyalanine.](IJMM-42-06-3083-g03){#f4-ijmm-42-06-3083}

![BML-111 treatment mitigated the destruction of lung architecture and production of TGF-β1, TNF-α and IL-1β in BALF following BLM iniection. Mice were treated with 50 *µ*l saline (Sham group) or 2 mg/kg BLM (untreated group, BML-111 group and BOC-2 group) at day 0 were intraperitoneally administered with 1 ml of saline (Sham group and untreated group) or 1 mg/kg of BML-111 (BML-111 group and BOC-2 group) in the presence or absence of 50 *µ*g/kg BOC-2 (BOC-2 group) prior to the administration of BML-111. Mice were then sacrificed on day 21 and the extent of pulmonary injury and fibrosis were assessed using (A) H&E and (B) Masson's trichrome staining (magnification, ×100). (C) Fibrotic score was measured using the Ashcroft method. Levels of (D) TGF-β1, (E) TNF-α and (F) IL-1β in BALF were determined using ELISA. Data are expressed as mean ± standard deviation (n=8). ^\#\#^P\<0.01 vs. the Sham group. ^++^P\<0.01 vs. the untreated group. ^\*\*^P\<0.01 vs. the BML-111 group. TGF-β1, Transforming growth factor-β1; TNF-α, tumor necrosis factor α; IL-1β, interleukin 1β; BALF, bronchoalveolar lavage fluid; BLM, bleomycin; BOC-2, N-tert-butyloxy-carbonyl-phenyalanine-le-ucyl-phenyalanine-leucyl-phenyalanine.](IJMM-42-06-3083-g04){#f5-ijmm-42-06-3083}

![BML-111 treatment inhibited α-SMA expression and ECM deposition in lungs following BLM injection. Mice treated with 50 *µ*l saline (Sham group) or 2 mg/kg BLM (untreated group, BML-111 group and BOC-2 group) at day 0 were intraperitoneally injected with 1 ml saline (Sham and untreated group) or 1 mg/kg of BML-111 (BML-111 group and BOC-2 group) with or without 50 *µ*g/kg BOC-2 (BOC-2 group) every other day from day 0-21. Mice were sacrificed on day 21 and the expression of (A and B) α-SMA and (C) fibronectin was detected using western blotting. (D) Total collagen protein was measured using a Sircol collagen assay kit, and the content of (E) hydroxyproline was determined using a Hydroxyproline assay kit. Data are expressed as mean ± standard deviation. ^\#\#^P\<0.01 vs. the Sham group. ^+^P\<0.05 and ^++^P\<0.01 vs. the untreated group. ^\*^P\<0.05, ^\*\*^P\<0.01 vs. the BML-111 group. α-SMA, smooth muscle α actin; ECM, extracellular matrix; BLM, bleomycin.](IJMM-42-06-3083-g05){#f6-ijmm-42-06-3083}

[^1]: Contributed equally
